ABSTRACT OBJECTIVES This study sought to determine the predictors of healthy arterial aging.
T raditionally, aging has been thought of as a linear, chronological process.
However, genetics and cumulative risk factor exposure can lead to significant variations in biological age for individuals of the same chronological age (1) (2) (3) . This has prompted some to suggest substituting an individual's biological or vascular age in place of chronological age for risk prediction models (4) (5) (6) . Although the predictors of unhealthy arterial aging are well established, the predictors of healthy arterial aging are less certain, and it is unclear whether there are specific protective factors or a low-risk phenotype that exist for the maintenance of healthy arterial aging.
A finding of no coronary artery calcium (CAC) in a middle age or older adult is a marker of healthy arterial aging that is a powerful predictor of long-term all-cause survival and very low risk of cardiovascular disease (CVD) (7) (8) (9) . In contrast, compared with an individual without CAC, individuals with a CAC score as low as 1 to 10 Agatston units are at more than 3Â the risk for a hard coronary heart disease (CHD) event (10) . Moreover, elderly patients without CAC have a better survival rate than do younger individuals with an elevated CAC score (11) . As such, long-term, persistent maintenance of CAC ¼ 0 can be considered an extreme manifestation of healthy arterial aging.
Just as it is important to clearly define high-risk phenotypes, it is also important to understand the predictors of healthy arterial aging in order to promote continued healthy aging. In this analysis, we sought to identify a phenotype for healthy arterial aging using routinely collected clinical variables.
METHODS
We used data from the MESA (Multi-Ethnic Study of Atherosclerosis): a community-based, multiethnic, cohort free of CVD at baseline, which has been described in greater detail elsewhere (12) . Regular physical activity was defined as more than 150 min per week of moderate intensity physical activity or more than 75 min per week of vigorous intensity physical activity. We used a Mediterranean Diet score as previously defined by Trichopoulou et al. (16) . A family history of CHD was classified as a parent, sibling, or child with a history of CHD at any age. We defined socioeconomic status based on the highest level of achieved education and household income. The Lifestyle Score is the sum of optimal BMI, regular physical activity, adherence to a Mediterranean Diet, and never smoking (17) .
Persistent CAC ¼ 0, our definition of healthy arterial aging, was the primary outcome for this analysis.
In order to determine whether we could identify a healthy arterial aging phenotype, we calculated the absolute number and percentage of participants with persistent CAC ¼ 0 stratified by high-and low-risk groups. We also used hazard ratios (HRs) and associated 95% confidence intervals (CIs) to assess whether these relationships were independent of other associated cardiovascular risk factors. The proportional hazards assumption was assessed using Schoenfeld residual testing and was not violated (18 
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We also performed sensitivity analyses incorporating the following novel risk factors to determine whether they helped identify a CAC ¼ 0 phenotype:
high-sensitivity C-reactive protein, N-terminal pro-B-type natriuretic peptide, creatinine, microalbuminuria, homocysteine, and fibrinogen.
RESULTS
Participants had a mean age of 57.1 AE 8.6 years, 37%
were men, and there was a median of 9.6 years between CAC scans. We found that 55% of participants with an ASCVD $7.5%, and 36% of participants with $3 CVD risk factors had persistent CAC ¼ 0 (Table 3) .
Conversely, among participants who would traditionally be classified as low risk for the development of CVD, 35% of participants were <55 years old; 40%
had a low ASCVD of <2.5%; and 30% of participants with no traditional CVD risk factors did develop CAC ( Figure 1 ).
Age, sex, and race were moderately predictive for persistent CAC ¼ 0 with a C-statistic of 0.65 ( Table 4) . 
Whelton et al. There was no association between persistent CAC ¼ 0 and a carotid intima-medial thickness <75%
percentile; HR 0.95 (95% CI: 0.85 to 1.06) ( Table 5) .
However, participants without carotid plaque by ul- In our sensitivity analyses we found was no significant difference in high-sensitivity C-reactive protein levels between participants with and without persistent CAC ¼ 0 (Online Tables 1 ). In addition, using the visit 5 variables in place of the baseline variables, the AUC estimates were essentially the same (Online Table 2 ). 
DISCUSSION
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Whelton et al. Thus, the heterogeneity of arterial aging was one of the most important findings of this analysis. It may be attributable to the fact that even though the presence of a CVD risk factor is associated with the development of CVD, its absence is not necessarily associated with healthy arterial aging. This is reflected in most cardiovascular risk scores by the virtue that CVD risk factors add points, but typically only an elevated high-density lipoprotein cholesterol is used to subtract points. It may also be that despite using AUC ¼ area under the curve; hsCRP ¼ high-sensitivity C-reactive protein; NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; other abbreviations as in Tables 1 and 2 . CIMT ¼ carotid intima-medial thickness; other abbreviations as in Tables 1 and 2 . Floor, Baltimore, Maryland 21287. E-mail: seamus.
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